Objective: Stroke frequently complicates infective endocarditis (IE). However, the temporal relationship between these diseases is uncertain.
Infective endocarditis (IE) occurs in 1.7 to 6.2 per 100,000 people per year in the United States and Europe. 1 Stroke often complicates IE, affecting approximately 16% to 25% of patients with IE. 2, 3 Cerebral embolism heralding or following a diagnosis of IE substantially increases morbidity and mortality. [3] [4] [5] However, knowledge is limited regarding the time period during which patients with IE face a heightened stroke risk, with reports ranging from as early as 40 days before IE is recognized to as late as 5 weeks after the start of antibiotic treatment. 3, 4, [6] [7] [8] Recent data suggest that IE may increase stroke risk for even longer periods of time, as one European cohort study reported that patients had a moderately increased risk of embolic events up to 180 days after community-acquired bacteremia. 9 We hypothesized that the risk of stroke in the setting of IE persists for longer than current data suggest. Therefore, we sought to better delineate the time period during which patients diagnosed with IE face an increased stroke risk.
METHODS Study design. We performed a retrospective study of the temporal relationship between IE and stroke diagnoses using administrative claims data from California. The California Office of Statewide Health Planning and Development collects data about all emergency department (ED) visits and hospital stays at nonfederal acute care hospitals in California. After quality checking, these data are provided in a deidentified format to the Agency for Healthcare Research and Quality for its Healthcare Cost and Utilization *These authors contributed equally to this work as first authors. Project. 10 A unique record linkage number for each patient allows longitudinal tracking of ED encounters and hospitalizations. 11 Because this publicly available database includes only deidentified data, our institutional review board certified our study as exempt from review.
Patients. We identified all patients hospitalized with IE between July 1, 2007, and June 30, 2011, using the following previously validated ICD-9-CM codes for infective endocarditis: 421.0 (acute and subacute infective endocarditis), 421.1 (endocarditis, valve unspecified, in diseases classified elsewhere), 421.9 (acute endocarditis, unspecified), and 424.9 (endocarditis, valve unspecified). These codes have been frequently used in prior studies of endocarditis and have a positive predictive value of 81% and a sensitivity of 93% [12] [13] [14] [15] [16] for IE based on the modified Duke criteria. 17 Patients younger than 18 years of age were excluded because IE in children has been recognized as a different clinical entity from IE in adults, associated with different predisposing factors (e.g., congenital heart disease) and presenting far less often with extracardiac manifestations. 18 To maximize our ability to assess follow-up ED visits and admissions, we excluded patients who were not California residents.
Outcomes. In accordance with a validated algorithm, ischemic stroke was defined as ICD-9-CM codes 433.x1, 434.x1, or 436 in any diagnosis code position in the absence of a primary discharge code for rehabilitation (V57) or any codes for subarachnoid hemorrhage (430), intracerebral hemorrhage (431), or trauma (800-804 and 850-854). 19 Hemorrhagic stroke was defined by the presence of discharge codes for intracerebral hemorrhage (431) or subarachnoid hemorrhage (430) in the absence of a primary discharge code for rehabilitation (V57) or trauma (800-804 and 850-854). This algorithm has been validated to have a sensitivity of $82% and a specificity of $93% for both ischemic and hemorrhagic stroke subtypes. 19 To focus on incident diagnoses, we included only the first recorded diagnosis of IE or stroke. In our primary analysis, we included all ischemic and hemorrhagic strokes; in secondary analyses, we considered ischemic strokes separately from hemorrhagic strokes.
Statistical analysis. We determined the odds of first-recorded stroke hospitalizations during 1-month periods from 6 months before to 6 months after IE as compared with the corresponding 1-month period 2 years earlier. In a sensitivity analysis, we used the corresponding 1-month periods starting 1 year earlier. This design allowed us to compare the risk of stroke during the period surrounding the diagnosis of IE in relation to each patient's baseline risk of stroke well before developing IE. Since we had data from January 1, 2005, through December 31, 2011, we excluded patients with a firstrecorded IE diagnosis before July 1, 2007, or after June 30, 2011, so as to have full data on the 6 months before and after the IE diagnosis and the accompanying time period 2 years prior. Absolute risks and odds ratios (ORs) were calculated using a Mantel-Haenszel estimator for matched data. The p values were not adjusted for multiple comparisons. All statistical analyses were performed with Stata/MP, version 13 (StataCorp, College Station, TX). Similar to all strokes, the risk of ischemic stroke was highest in the month after the IE diagnosis (1,376 events vs 17), corresponding to an absolute increase in risk of 7.6% (95% CI 7.2%-8.0%) and an OR of 80.9 (95% CI 50.4-139.4) (table 2). Ischemic stroke risk increased in the fourth month before the IE diagnosis (OR 2.9; 95% CI 1.5-6.2) and persisted through the third month afterward (OR 2.3; 95% CI 1.1-4.9) (table 2). A similar temporal pattern was found for hemorrhagic stroke, although the peak increase in absolute risk during the month after IE was more modest (1.8%; 95% CI 1.6%-2.0%) than for ischemic stroke (table 2) . Similar patterns were seen in sensitivity analyses in which the likelihood of stroke was compared with the same period 1 year earlier.
RESULTS
DISCUSSION Using a large, population-based cohort, we found that stroke risk began to increase approximately 4 months before a diagnosis of IE, peaked in the 1-month period after IE, and then attenuated and normalized by 5 months afterward. Ischemic stroke was much more common than hemorrhagic stroke, although both were dramatically increased (more than 80-fold) in the 1-month period after IE. The heightened stroke risk in the 1-month period after IE is consistent with the results of prior studies, which show that the majority of IE-related strokes occur in the immediate period surrounding IE diagnosis and treatment. 3 Our results build on prior studies regarding the temporal association between stroke and IE. Previous reports describe strokes occurring up to 40 days before the diagnosis of IE and as late as 5 weeks after the initiation of antibiotics, but these studies were from significantly smaller cohorts. 3, 4, 6 More recently, a European cohort study found a substantially increased risk of myocardial infarction or ischemic stroke within 30 days of community-acquired bacteremia and a modestly increased risk from 31 to 180 days after bacteremia. 9 Although not all patients with bacteremia develop endocarditis, these results support our finding that IE increases stroke risk for longer periods of time than previously considered.
In addition to a prolonged period of increased stroke risk after the diagnosis of IE, we found that the stroke risk began to increase approximately 4 Table 2 OR and absolute risk of stroke for 1-month intervals before and after the diagnosis of IE Abbreviations: CI 5 confidence interval; IE 5 infective endocarditis; OR 5 odds ratio.
Figure Temporal relationship between infective endocarditis and stroke
Absolute increases in stroke risk during the 6 months before through 6 months after a diagnosis of infective endocarditis.
months before the IE diagnosis was established. In some cases, strokes occurring before the diagnosis of IE may be a manifestation of occult IE, particularly the subacute form. [6] [7] [8] Other cases of stroke that precede IE may reflect the presence of shared risk factors for both stroke and IE, such as cardiac valve surgery, or poststroke risk factors that may predispose to IE, such as poststroke immunodepression or use of central venous catheters after stroke. [20] [21] [22] [23] [24] [25] The nature of our data prevents us from determining the mechanistic basis for these findings, but future analyses should aim to delineate the specific pathophysiologic processes underlying the complex relationship between IE and stroke. The increased stroke risk before the diagnosis of IE supports a potential causal link between inflammation and stroke. Research has shown that inflammatory mechanisms contribute to the pathogenesis and progression of atherosclerosis, plaque rupture, and thrombotic events. 26, 27 Furthermore, inflammatory biomarkers such as high-sensitivity C-reactive protein have been identified as predictors of stroke in various populations. 28 Infections may contribute to inflammation and subsequently increase stroke risk. In addition, hospitalization for infection is associated with an elevated short-term risk of stroke, 29 and serologic evidence of chronic infection has been correlated with stroke risk. 30 In our cohort, preceding infections such as dental caries or sinusitis may have directly led to IE, but also could have increased stroke risk via inflammatory mechanisms.
Our study has several important limitations. First, our study design and the nature of our data precluded us from resolving the causal direction of the relationship between IE and stroke. Our results indicate that the temporal relationship between IE and stroke is more complex than currently appreciated, but further work is needed to elucidate the mechanisms at play. Second, our matched design relied on estimates of baseline stroke risk from 2 years before the diagnosis of IE, and it is therefore possible that our estimates of stroke risk were confounded by the interim effects of aging or the development of other illnesses unrelated to IE. We think this is unlikely to explain our findings because our results were not substantially changed in sensitivity analyses in which stroke risk was compared to a period 1 year before IE. Third, we lacked data on ambulatory visits, and therefore captured only cases of IE or stroke resulting in hospitalization. However, these serious illnesses would typically result in hospitalization, and therefore it is unlikely that we misascertained a significant number of diagnoses. Fourth, we were unable to resolve the temporal association of cases of IE and stroke that were diagnosed during the same hospitalization, and therefore the temporal extent of the association between IE and stroke may be even more dispersed than we have found. Finally, because patients were identified using administrative claims data, we were unable to account for certain clinical information such as stroke mechanism, type and duration of antibiotic usage, type of valve replacement (bioprosthetic vs mechanical), temporal relationship between valve surgery and stroke, type of microorganism, and vegetation location and size.
We have found that the association between IE and stroke persists for longer than previously reported. The highest risk of stroke is in the 1 month following a diagnosis of IE, but a period of increased stroke risk becomes apparent several months before the diagnosis of IE and lasts for several months afterward.
